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Naturally occurring spin-valve-type magnetoresistance (SVMR), recently observed in Sr 2 FeMoO 6 samples, is suggestive of the possibility of decoupling the maximal resistance from the coercivity of the magnetic metallic grains, thereby providing an additional handle to tune the MR of a material for technological advantages. In this paper, we present the first evidence that this can indeed be achieved in specifically designed and fabricated core-shell nanoparticle systems, realized here in terms of Fe 3 O 4 -CoFe 2 O 4 core-shell nanocrystals. Here, the soft magnetic Fe 3 O 4 nanocrystals form the core, with the hard magnetic and highly insulating CoFe 2 O 4 as the shell, providing a magnetically switchable tunnel barrier that controls the magnetoresistance of the system, instead of the magnetic properties of the magnetic grain material, Fe 3 O 4 , and thus proving the feasibility of engineered SVMR structures. aries are found to act as the insulating, non-magnetic barrier. An important characteristic of such TMR systems is that the magnetoresistance, MR, has a peak at the magnetic coercivity (H C ) of the grain material. [3] [4] [5] As a consequence, the MR response of the system to an external magnetic field cannot be, in general, varied independent of the coercive field of the ferromagnetic metallic grains. However, it would be desirable to have this flexibility of choosing the zero of the MR independent of the magnetic properties of the grain material, thereby providing us with an additional handle to design applications of such materials. For such manipulations of MR as a function of H we have recently shown 7 that the concept of "dipolar biasing" can be used very efficiently; however, this approach works well only in the very low magnetic field regime due to the intrinsic low strength of dipolar interactions compared to exchange interactions. An alternate approach suggests itself based on a different type of MR reported in Sr 2 FeMoO 6 (SFMO) 8 where the MR was shown to peak at a magnetic field higher than the magnetic coercivity of the material. This, and several other qualitative deviations of the experimentally observed behavior from the case of the usual TMR systems were shown [8] [9] [10] to arise from the magnetic nature of the insulating barrier layer. Essentially, the departure of the zero MR state from the coercive field was suggested to be controlled by the grain boundary material that was believed to be a hard magnetic insulator acting like a spin valve. This novel TMR mechanism has been termed as spin-valvetype magnetoresistance (SVMR) 8 and its most essential ingredient is a magnetic insulating barrier with a coercive field higher than the coercive field of the metallic magnetic grains.
It is to be noted that few known examples of SVMR relied on the grain boundary material fulfilling this criterion of being a harder magnet not by choice, but by accident. If these ideas are correct, it suggests a route to manipulate the electron tunneling process between the magnetic, metallic grains by deliberately creating an insulating, magnetic barrier whose spin orientation relative to that of the metallic grain can be controlled by the application of a suitable magnetic field. The relative orientation of the grain and the grain boundary spins will be determined by the relative strengths of the magnetic coercivities of the two parts.
In order to engineer a TMR structure with a pronounced SVMR behavior, a convenient choice would be a core-shell nanomaterial where the core is made of a soft magnetic material This method is reported to produce uniform sized and high quality magnetic nanoparticles of both ordinary 21 and core-shell 22 types. Our magnetization and magnetoresistance measurements on this specifically designed core-shell TMR structure establishes the influence of the magnetic barrier on the magnetoresistance of a TMR structure unambiguously. Annealing at any higher temperature resulted in a degradation of the well-defined core-shell structure as represented by drastic changes in magnetic and transport properties due to the interdiffusion between the two components. Careful EDS spectra collected on several individual particles of FO-CFO sample using HRTEM instrument looks similar to the representative spectrum presented in Figure 1 (e).
Each of the examined nanoparticles contains Co in addition to Fe, providing yet another evidence for the formation of core-shell particles. A simple calculation using the mean diameters of the bare 19 and core-shell nanoparticles from TEM gives a value of 9.6 atomic percent for Co, which is close to the values of 8 to 9 atomic percent of Co estimated from the EDS analyses. However, the contrast difference between Co and Fe is not strong enough and the spatial resolution of the EDS not high enough for one to directly probe the nature of the FO-CFO interface in these core-shell nanoparticles.
From the zero-field-cooled (ZFC) and field-cooled (FC) magnetization measurements shown in Figure 2 curve represents the highest resistive state of the sample. We represent the field value at which this resistance peak occurs by H M R C , in this manuscript.
As mentioned in the introduction, one of the characteristics of conventional TMR structures is that the H
M R C
value of a TMR system, consisting of only one magnetic component, generally coincides with the magnetic coercivity of the metallic magnetic grains. 3, 5 This is also true for the TMR of bare Fe 3 O 4 nanoparticles in absence of any CFO shell covering it.
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In presence of the CFO over layer, however, the H
M R C
observed for tunneling between Fe 3 O 4 nanoparticles across the insulating CoFe 2 O 4 barrier layer, is ∼ 9 kOe at 50 K (see Fig. 3(a) ) which is much higher ( ∼ 13 times) than the H C value of 700 Oe, of thereby establishing itself as an ideal example of a specifically engineered SVMR system.
Here we note that the systematic (28-47%) reduction of the H
compared to H C is easy to understand. As already mentioned while discussing M(H) plots of the sample in Figure 2 , the sample is expected to be magnetically inhomogeneous to some extent, depending on the growth of the effective grain size of CoFe 2 O 4 at various locations in the sample on annealing.
The tunneling conductivity will be dominated by the thinnest CFO barrier layer separating the Fe 3 O 4 grains and the coercivity of such thin parts of the CFO layer is indeed expected to be lower than the coercivity of the entire sample, averaged over all layer sizes. Thus, the magnetoresistance of the sample will reflect a somewhat lower coercivity than the average value, as indeed shown in Figure 4 . In conclusion, magnetoresistance properties of a tunneling magnetoresistance system with a magnetic tunnel barrier are studied by using a specifically engineered core-shell nanoparticle structure, Fe 3 O 4 -CoFe 2 O 4 , as a model system. It is observed that the highest resistive state of such a system is essentially controlled by the magnetic coercivity of the tunnel barrier in contrast to the standard TMR behavior and defining a spin-valve type MR system.
In addition, the magnetoresistance value of the core-shell nanoparticle system is comparable 
